Cholinergic innovation of the cerebral neocortex arises from the basal forebrain and projects to all cortical regions. Acetylcholinesterase (AChE), the enzyme responsible for deactivating acetylcholine, is found within both cholinergic axons arising from the basal forebrain and a subgroup of pyramidal cells in layers III and V of the cerebral cortex. This pattern of staining varies with cortical location and may contribute uniquely to cortical microcircuhry within functionally distinct regions. To explore this issue further, we examined the pattern of AChE staining within auditory, auditory association, and putative language regions of whole, postmortem human brains. 
An asymmetry in the size of layer III AChE-rich pyramidal cells was present within a number of cortical regions. Large AChE-rich pyramidal cells of layer III were consistently greater in size in the left hemisphere as compared to the right Asymmetry in layer III pyramidal cell size was not restricted to language-associated regions, and could potentially have a variety of etiologies including structural, connectional, and activational differences between the left and right hemisphere.
Cholinergic innervation of the cortex arises from the basal forebrain and projects widely throughout the cerebral mantle CMesulam and Geula, 1988a) . This projection is thought to modulate activity within the cerebral cortex and has been implicated in such diverse cognitive tasks as learning and memory (Dunnett and Fibiger, 1993; Nabeshima, 1993) , as well as attention and arousal (Muir et al., 1993) . The early and dramatic reduction of cholinergic basal forebrain projections in Alzheimer's disease (Geula and Mesulam, 1989) has attracted a great deal of attention to this ubiquitous cortical system.
Cholinergic Innervation of the cerebral cortex is not uniform and is known to vary between cortical regions. This variation has previously been demonstrated by examining the distribution of acetylcholinesterase (AChE), which is found in both axons and pyramidal cells in the human cortex. AChE is known to participate in cholinergic transmission by enzymatic degradation of acetylcholine that has been released for synaptic transmission (Schwartz, 1991) . This is not AChE's only function within the CNS, as it has also been implicated in diverse processes such as neural differentiation, neurite extension, morphogenesis, modulation of membrane excitability, modulation of membrane permeability, and proteolysis (Silver, 1974; Greenfield, 1984 Greenfield, , 1991 Robertson, 1987; Taylor et al., 1987; Krisst, 1989; Small, 1989 Small, , 1990 . AChE-containing axons of the cerebral cortex are also immunoreactive for choline acetyltransferase (ChAT) and are therefore known to be cholinergic .
AChE-containing pyramidal cells of layers III and V are not cholinergic (Mesulam and Geula, 1991) , but it has been suggested that they are cholinoceptive (Krnjevic and Silver, 1965; Levey et al., 1984; Mesulam et al., 1984b) . In support of this notion, layer in and V pyramidal cell excitability can be modulated by the application of acetylcholine in the slice preparation (McCormick and Williamson, 1989) . Additionally, muscarinic acetylcholine receptors are found on pyramidal cells of both layers in and V, as well as nonpyramidal cells (Schroder et al., 1990; Mrzljak et al., 1993) . Regional variation within the cerebral cortex has been shown for both the AChE-containing axons and pyramidal cells, and it has been suggested that this variation is attributable to modifications in the processing of cortical information . Interestingly, chemical assays performed on the left and right superior temporal gyri in postmortem humans have shown higher levels of ChAT, the rate-limiting enzyme for acetylcholine production, in the left hemisphere. This difference is presumably due to the functional differences found between the left and right parietal temporal junction and their diverging roles in language (Amaducci et al., 1981) .
Since relatively little is known about the microanatomical organization of regions associated with language functions, we were interested in (1) the intrahemispheric variation of AChE staining in primary, secondary, and associational auditory areas; and (2) whether functional differences between the hemispheres might be reflected in the structural and chemical organization of these regions.
Materials and Methods

Tissue Specimens
Six, whole adult human brains ranging in age from 42 to 97 years •were collected at autopsy and postfixed in 4% phosphate-buffered paraformaldehyde (Tago et al., 1986; Mesulam and Geula, 1991) . The time from death to fixation varied between 5 and 72 hr (see Table  1 ). None of the cases had any neurological or psychiatric conditions, except case 93-008 (97 years old), who had a minor cerebral vascular accident several years prior to the time of death that was not visible from gross examination of the brain. Information regarding the laterality of language functions was unavailable for this sample of brains; however, in the general population 90-95% are left hemisphere dominant for language functions as assessed by aphasia following stroke and intracarotid injections of sodium amytal (Milner, 1974; Hecaen et al., 1981) . Correlates of language lateralization include hemispheric differences in the course of the sylvian fissure (Ratcliffe et al., 1980 ; but see Strauss et al., 1985) , perceived hemispheric differences in the size of the planum temporale (Witelson, 1983; Strauss et al., 1985) , and the handedness of subjects (Milner, 1974) . Handedness information was not universally available for these specimens; however, each brain showed the typical pattern of a right rising sylvian fissure and Cerebral Cortex Mar/Apr 1996;6:260-270; 1047-3211/96/J4.00 the associated foreshortened right planum temporale (see Loftus et al., 1993) .
Tissue for these studies was supplied by the National Disease Research Interchange, by Dr. Robert Ellis of the University of California Davis Medical Center, and by Dr. Robert Ratal of the Martinez Veteran's Hospital. All procedures for tissue collection were approved by the Human Subjects Committee of the University of California, Davis.
Tissue Processing
Following 48 hr of postfixation, 2 cm blocks were removed from several locations along the superior temporal gyrus, the dorsal plane of the temporal lobe, and the posterior parietal-temporal junction. Blocks were taken from a total of seven cortical locations within each hemisphere: HG (Heschl's gyrus/primary auditory cortex), STlp (the most anterior portion of the superior temporal gyrus just behind the transverse temporal sulcus; arrow in Fig. L4 ), ST20p (superior temporal sulcus 20 mm posterior to the transverse temporal sulcus), ST3Op (superior temporal sulcus 30 mm posterior to the transverse temporal sulcus), PTa (anterior planum temporale just posterior to the transverse temporal sulcus), PTp (posterior planum temporale 30 mm posterior from the transverse temporal sulcus), and SMG (area 40; the upper bank of the supramarginal gyrus rostral to the termination the sylvian fissure). Blocks were postfixed for an additional 48 hr, embedded in agar, and cut at 50 |xm on a vibratome. Every fourth section was used for acetylcholinesterase histochemistry and adjacent sections were stained for Nissl substance with thionin.
Nissl sections were used to confirm the architectonic location of morphologically selected tissue blocks. Our area HG, taken from the crown of Heschl's gyrus, showed features typical of koniocortex (Braak, 1978; Galaburda and Sanides, 1980; Ong and Garey, 1990) or Brodmann's area 41. The most anterior block taken from the superior temporal gyms (STlp) corresponded architectonically to the central portion of the magnopyramidal regions of Braak (1978) or area TB of von Economo (von Economo and Koskinas, 1925) , while the two posterior regions ST20p and ST3Op corresponded to posterior marginal zones of this same region (Braak, 1978) , or in the nomenclature of Brodmann the posterior portion of area 22. In other nomenclature, area ST30p has been called area Tpt (Galaburda and Sanides, 1980) , which is a subregion of von Economo's area TA, (von Economo and Koskinas, 1925) . Cytoarchitectonic evaluation of anterior and posterior blocks taken from the dorsal surface of the temporal lobe within the planum temporale (PTa and PTp) corresponded to medial portions of Brodmann's area 42 and 22, respectively. Finally, our most posterior block taken from the supramarginal gyrus (SMG) was architectonically synonymous with Brodmann's area 40 and von Economo's area PFcm.
Acetylcbolinesterase Staining
Acetylcholinesterase staining was carried out according to the methods of Karnovsky and Roots (1964) with the modification described by Tago et al. (1986) . Briefly, tissue sections were rinsed in phosphate buffer for 30 min and then preincubated for 30 min in 3-4 mg tetraisopropyl pyrophosphoramide in 500 ml phosphate buffer (pH 7.4) to reduce nonspecific cholinesterase staining. Sections were then transferred to a solution containing 482.5 ml phosphate buffer, 34 mg tetraisopropyl pyrophosphoramide, 50 mg acetylthiocholine iodide, 294 mg sodium citrate, 75 mg cupric sulfate, 16 mg potassium ferricyanide, and 17.5 ml dH 2 O (pH 5-9) for 4-8 hr. Following three 10 min rinses in Tris buffer (pH 7.2) the sections were transferred to a solution containing 50 mg 3,3'-diaminobenzidine (Sigma Chemicals), 3 ml of 0.3% H 2 O 2 , and 10 ml of 1% cobalt chloride. Sections were again rinsed in Tris buffer and mounted onto gelatin-coated slides. After air drying the sections were dehydrated in a graded series of ethanol, cleared in two 10 min xylene rinses, and coverslipped with Permount (Fisher Scientific).
Controls
Several control experiments were conducted to determine if our labeling was specific for acetylcholinesterase: (1) elimination of the acetylthiocholine iodide, (2) substitution of butyrylthiocholine iodide for acetylthiocholine iodide, and (3) addition of the specific AChE inhibitor l,5-bis(4-allyldimethylammonium-phenyI)pentan-3-one.In addition, to eliminate nonspecific cholinesterase staining, tetraisopropyl pyrophosphoramide was added to the initial rinse as well as the staining substrate. 
Data Analysis
Cell counts and densities were carried out on three well-stained brains in layers III and V of each cortical region examined. Only those cells that were AChE-rich as defined by Mesulam and Geula (1991) a dark reaction product with some proximal dendrites visible-were included in the analysis (see Fig. 3 )-Cell densities were counted within 1 X 0.5 mm rectangles. In the case of layer ID cells, the bottom, long axis of this rectangle was aligned with the border between layers HI and IV. For counts made from layer V the top border of the same counting area was aligned with the border between layers IV and V. For each block of tissue, counts were made at 3 mm intervals in four sections and recorded onto enlarged drawings of the tissue sections. Subsequent analyses were performed on those counts that were well within the cytoarchitectonically defined region of interest as determined by the adjacent Nissl-stained sections. Counting boxes were positioned over regions of cortex that did not exhibit deformations associated with cortical anguli or fundi. The densities reported here represent the mean number of cells found within the counting grids located •within the region of interest.
Cell sizes were measured within two sections taken from each region of four brains. In the case of layer III pyramidal cells, measurements were made within 2 linear millimeters of cortex. Layer V cells were measured from two sections within 12 linear millimeters of cortex. Individual cell somas were traced at a magnification of 500 X with a camera lucida drawing tube positioned over a digitizing tablet (Kurta). Digitized tracings were collected by a Macintosh Plus computer running NIH MACMEASURE. Cell sizes for three of the four brains used in this analysis were made blind, with the experimenter having no knowledge of either the hemisphere or the region being analyzed.
Results
We will first describe the general pattern of AChE staining seen throughout the auditory and auditory association areas of both the left and right hemispheres. We will additionally describe how the density and distribution of AChE-containing axons and AChE-rich pyramidal cells varies between cortical regions and between hemispheres. Finally, we will describe the regional and hemispheric variation in AChE-containing pyramidal cell structure.
Control experiments indicated that our labeling was specific for AChE. This was demonstrated by an absence of staining following (1) the elimination of acetylthiocholine iodide, (2) the substitution of the cholinesterase butyrylthiocholine iodide, and (3) the addition of the specific AChE inhibitor 1,5-bis(4-allyldimethylammonium-phenyl)pentan-3-one. In all incubations nonspecific cholinesterase staining was inhibited with the addition of tetraisopropyl pyrophosphoramide.
General ACbE Staining Pattern
AChE labels fibers throughout the extent of the cortical layers. These fibers are most dense in the upper layers, but are also prominent within layers V and VI. Fiber density is typically highest within layer II and gradually decreases from the upper to the lower strata of layer III. Layer IV, in contrast, contains a relatively low density of fibers although processes are seen transversing the layer. Layers II and HI contain a preponderance of horizontal fibers, while the less dense fibers of layers V and VI are oriented horizontally, obliquely, and vertically (see Fig. 2 ).
AChE-containing pyramidal cells are typically found in the lower half of layer in within almost every region of cortex. The density of these cells varies considerably between regions and proximal dendrites can often be identified (see Fig. 3 ). Layer V also contains a number of AChE-rich pyramidal cells; however, the density of these cells is always considerably lower.
Regional Specializations
Cortical regions show a number of variations from this general pattern. Heschl's gyrus, the presumed location of primary auditory cortex, deviates significantly from this general organizational scheme. Fibers within this region are densest within layer II, and like the primary visual cortex (Mesulam and Geula, 1991) , AChE-containing pyramidal cells are markedly absent from this region (see Fig. 5/1 ). If this absence of AChEcontaining cells is used to define the border between the primary auditory region and posterior regions of the planum temporale, it is found that the posterior edge of primary auditory cortex does not coincide with the transverse temporal sulcus. The transverse sulcus is commonly utilized as the boundary between primary and secondary regions in studies of gross cortical morphology; however, the transition between AChE-cell-sparse and AChE-dense regions actually lies farther rostral and is located on the surface of the first transverse gyms (see Fig. 4 ).
Of the several regions sampled from the superior temporal gyms a gradient of effects in the staining pattern was apparent. Anterior portions of the superior temporal gyms show a reduction in the density of fibers in the upper layer as compared to Heschl's gyms (Fig. 5/5 ). In posterior portions of the superior temporal gyms fiber density is reduced even further within layer I (Fig. 5E) . As with the general staining pattern described above, the densest fiber layer is always layer n, but a notable number of fibers are seen in layers HI, V, and VI.
Regions sampled from the planum temporale show a high layer I. Pyramidal cells in this region are relatively dense and can often be four to five cells deep. Layer IV is clear with some tangential and horizontal fiber appearing in layers V and VI (Fig. 5F ).
ACbE-Containing Pyramidal Cell Density
Layer HI pyramidal cells show a clear increase in density at increasing posterior distances from the primary auditory region. This increase occurs along both the dorsal surface of the temporal lobe and the superior temporal gyms. Within anterior regions of the dorsal surface of the temporal lobe there are very few AChE-rich pyramidal cells in either layer HI or V. The number of these cells increases systematically from the primary auditory region (Fig. 5A) , to regions just behind the primary auditory cortex (Fig. 5B) , to posterior regions of the planum temporale (Fig. 5Q . Along the superior temporal gyrus the lowest density of cells is found in anterior regions ( Fig. 5D ) with a gradual increase in cell number occurring at increasingly posterior locations (Fig. 5E) , and the highest density seen within the supramarginal gyrus (Fig. 5F ).
The differences between primary auditory cortex (Al) and adjacent regions is clear given the near absence of AChE-containing pyramidal cells within this region. To examine the density differences outside of the primary area cell counts were made within each cortical region. The regions analyzed included three locations along the superior temporal gyrus, the anterior planum temporale, the posterior planum temporale, and the supramarginal gyrus (see Fig. 1 ). The mean of these layer HI counts for both hemispheres from each of three brains are shown in Figure 6 (top). A repeated measures ANO-VA conducted on density counts taken from six regions within both hemispheres of three brains revealed a significant difference between cortical regions (n = 3, F = 4.922, df = 5, p = 0.0156), but no density differences between hemispheres As can be seen in Figure 6 (bottom), layer V cell densities did not vary appreciably outside of the primary auditory region. A repeated measures analysis of variance conducted on density counts from this layer confirmed that no significant differences were apparent between cortical locations or hemispheres (region: F = 1.955, df = 5,p = 0.1717; hemisphere:/ 7 = 2.737, df = \,p = 0.2398; hemisphere X region: F = 0.693, df = 5,p = 0.5787).
Although the staining quality gives us confidence that the counts reported represent a close approximation of the number of AChE-containing pyramidal cells that are present in vivo, a number of factors are known to affect the outcome of cell counts, including agonal state, postmortem interval, incubation time, and the choice of fixative (but see Tago et al., 1986) . Although there were some differences in the density of cells between subjects, and the aforementioned variables could contribute to the underestimation of the true cell denLamina III-AchE Pyramidal Cell Densities sity, we consistently found the same pattern of results in each brain analyzed (see Fig. 6 ): an increasing density of layer HI AChE-containing pyramidal cells in posterior locations, and a lack of hemispheric asymmetry.
Structural Analyses
Although the variance in cell size is quite high, it was often apparent that the largest pyramidal cells within any given region differed markedly from those in the contralateral hemisphere (Fig. 7) . To further explore this issue, pyramidal cell sizes were measured from seven cortical regions in each hemisphere of three brains. A comparison of cell sizes with the left and right hemispheres at comparable percentiles revealed that the largest pyramidal cells were consistently bigger in the left than the right hemisphere (Fig. 8) . As we expected, given the large variance in pyramidal cell size and the restriction of this effect to only the largest subgroup of AChEcontaining cells, the mean cell sizes between hemispheres Casel (see Fig. 9 legend) were not significantly different. If, however, the analysis was restricted to the only the largest pyramidal cells (Hayes and Lewis, 1993) , it was found that cells in the left hemisphere were significantly larger than those in the right (i 7 = 22.545, df = \,p = 0.0416). There were no significant size differences between regions (F = 1.085, df = 4,p = 0.4250), and no interaction of hemisphere and region (F = 0.278, df = 4,p = 0.8845).
Since it could be argued that such a restricted analysis violates the assumption of normality, a nonparametric binomial analysis was applied to the same diree cases. In this analysis the largest 10% of the AChE-containing pyramidal cells sampled from each brain were examined to determine in which hemisphere these cells were more likely to be found, hi all three cases, a significant proportion of the largest cells were found in the left hemisphere (Fig. 10) ; results for each brain are given as the number of cells in the analysis, the probability of any given cell being in the left hemisphere, the number of cells that were actually in the left hemisphere, and the normalized binomial probability [case 93-006 (Terry et al., 1987) we conducted the same analyses for the 97-year-old in our sample. In this case the difference between hemispheres was not significant. Qualitative analysis of the data indicated that overall the mean cell size in the right hemisphere (411.11 ± 8.94) was larger than that found in the left (367.32 ± 6.47 Mm2 )-Using the same nonparametric analysis of the largest 10% of the cells measured from this brain it was found that the location of the largest cells did not differ significantly In each case the difference between the left and right hemisphere increases at the higher percentiles and always shows a leftward bias. Percentiles plotted are the 1st 2nd, 3rd, 4th, 5th, 10th, 20th, 30th, 40th, 50th, 60th, 70th, 80th, 90th, 95th, 96th, 97th, 98th , and 99th percentiles.
from chance (TV = 111, pQeft) = 0.6019, left = 65, p = 0.82454).
To determine whether this size asymmetry is specific to the subgroup of AChE-containing pyramidal cells or is a general property of pyramidal cells within layer in, the soma sizes ). An analysis of the largest subgroup of these cells revealed that the largest Nissl : stained cells were found predominantly in the left hemisphere. This structural asymmetry was also apparent within Heschl's gyrus (primary auditory cortex) and did not appear to be specific to regions located in the posterior parietotemporal junction (Hutsler and Gazzaniga, 1995) . , . ,
discussion
We have shown that the pattern of AChE staining within auditory and auditory association areas varies as a function of cortical location. AChE-containing axons have a high density within primary auditory regions. These processes are also dense outside of the region, but show a relatively low density in regions just adjacent to primary auditory cortex. AChE-containing pyramidal cells, while mostly absent within the primary auditory region, are found within layers m and V of every nonprimary cortical region examined. The density of these cells in layer V is low and relatively constant at various locations. In contrast, layer HI pyramidal cell densities are higher overall, and increase from anterior to posterior regions. Variation in the density of AChE-containing pyramidal cells is absent between hemispheres; however, the size of the largest subgroup of these cells was found to be greater in the left hemisphere than the right. Subsequent analysis of Nisslstained pyramidal cells in layer HI indicated that this hemispheric difference was not restricted to AChE-containing pyramidal cells, or language-associated cortical regions.
Regional Variation
Regional variation in AChE-containing pyramidal cell densities systematically follows the hierarchical flow of information through cortical auditory regions. Evidence from macaque monkeys indicates that the primary auditory region is discretely located on the dorsal surface of the temporal lobe (Merzenich and Brugge, 1973; Galaburda and Pandya, 1983; Seltzer and Pandya, 1989) , and that secondary auditory regions abut the posterior border of the primary auditory cortex. Furthermore, anatomical studies in this species have proposed a series of four rostrocaudal stages of information processing (Galaburda and Pandya, 1983) . Anatomical tract tracing with horseradish peroxidase reveals that each field projects heavily to the adjacent region^ but that connections between nonadjacent field are sparse. In humans positron emission tomography studies have localized the primary auditory cortex to Heschl's gyrus and have demonstrated that the general tonotopic organization found in monkey cortex is also present in the human auditory system (Lauter et al., 1985) . Architectonic similarities between the macaque and human auditory cortex suggest that the most basic components of hierarchical organization have been partially retained in evolutionary time (Galaburda and Sanides, 1980) , and functional assessment using intraoperative recording, PET, regional cerebral blood flow, and lesions studies support this view (Knopman et al., 1982; Creutzfeldt et al., 1989; Zatorre, 1992) . It is well accepted that the density of AChE-containing fibers and pyramidal cells varies between major types of cortex (Okinaka et al., 1961; Mesulam et al., 1984a; Geula, 1988b, 1991; Mrzljak and Goldman-Rakic, 1992) . Our findings support this view, and further suggest that variation in the distribution of AChE is not dependent upon a region's functional modality as revealed through the lack of hemispheric asymmetry in the most posterior cortical locations examined. It should be noted, however, that although density does not vary between the hemispheres the total number of AChE-containing cells within an architectonically defined cortical region (total number = density X regional area) may still be asymmetrical, where hemispheric differences in the size of cortical regions exists (Galaburda et al., 1978 ).
An asymmetry in the level of choline acetyltransferase (ChAT), the rate limiting enzyme for acetylcholine production, has previously been demonstrated in blocks of tissue taken from the superior temporal gyri. Chemical assay of punches from these regions show increasing levels of ChAT at more posterior locations and a greater quantity of ChAT in Cerebral Cortex Mar/Apr 1996, V 6 N 2 267 left cortical regions (Amaducci et al., 1981) . The variation of AChE-containing fibers we find does not account for these findings; however, the relationship between axonal density and the level of ChAT is also dependent upon the number of synaptic boutons made by a single axon, the quantal size of acetylcholine release during a given action potential, and the agonal state. Additionally, the variation in the size and density of AChE-containing cells does not account for this result since cortical pyramidal cells do not contain ChAT .
Functional Implications for Cortical Circuitry
Although the presence of die appropriate degrading enzyme within cortical structures is not sufficient for the identification of cholinergic synaptic transmission, AChE has been shown to be localized in cholinergic axons . Additionally, acetylcholine modulates the excitability of human cortical pyramidal cells of layers in and V in tissue slice by reducing the potassium afterhyperpolarizing current and increasing the probability of action potential generation (McCormick and Williamson, 1989) . AChE-containing pyramidal cells are a likely site of cholinergic action within the cortex, but these cells are not the only cholinoceptive neurons present within the cerebral mantle. Studies examining the distribution of muscarinic receptors in surgically resected human cortical tissue show that these receptors are located on the apical dendrites of pyramidal cells in layers II, in, and V. Other nonpyramidal cells are also labeled and these appear in layers III, IV, and VI (Schroder e t al., 1990) . The distribution of particular receptor subtypes-most notable the ml and m2 receptor-has been examined in the macaque monkey (Mrzljak et al., 1993) . In this species, cholinergic ml and m2 receptors are found at both symmetric and asymmetric synapses on dendritic shafts and spines. Additionally, the m2 receptor does not appear to be an exclusively presynaptic receptor but is also found postsynaptically on both pyramidal and nonpyramidal neurons. These results indicate that acetylcholine may play an important role in modulating thalamocortical and/or corticocortical excitatory amino acid transmission.
Potential models for the contribution of cholinergic systems to the processing of auditory information are clearly dependent upon which portion of the regional variation is emphasized. The variation in cholinergic axonal fibers indicates that innervation from the basal forebrain contributes nonuniformly to cortical processing within unimodal auditory cortex and posterior association regions, but that this contribution does not vary between functionally diverse cortical regions in the left and right hemispheres. Additionally, if AChE-containing pyramidal cells represent a group of neurons that are highly responsive to cholinergic input, then it could be argued that an increasing population of cholinoceptive layer HI pyramidal cells-cells that relay information to other cortical locations-results in a greater role for acetylcholine in modulating the excitability of cortical outputs in posterior regions.
Cell Size Asymmetry
Cell size differences between the left and right hemispheres have been reported by Hayes and Lewis (1993) in Nissl sections of area 45 within the frontal lobes (Broca's area). As in the present study, only the largest pyramidal cells within layer in of the left and right hemisphere showed this difference. Our findings indicate that this result is not unique to Broca's area and may not be unique to language-associated regions. The cell size differences reported here are not restricted to posterior language-associated regions, but are also found in anterior regions thought to be primarily auditory in function.
We posit three interpretations that can be applied to this finding: (1) cell size differences may be related to differences in the targets of projection neurons and could, therefore, reflect a connectional difference between the hemispheres; 2) cell size differences may be a product of differing electrical activity that has previously been shown to play a role in cell size regulation (Pasic and Rubel, 1989) ; and (3) the asymmetry in cell size may be a portion of an already recognized asymmetry in the structural organization of the left and right hemispheres that has been reported as wider spacing between columns and longer total dendritic length of layer HI pyramidal cells in the left hemisphere. Whether these large cells and longer basal dendrites result in connectional differences between the two hemispheres has not been adequately explored, although it has been suggested that the two results in combination could yield no net connectional asymmetry (Seldon, 1981a (Seldon, ,b, 1982 .
Conclusions
Structural explanations for the functional asymmetry seen between the posterior temporal-parietal regions have long been sought. Although many size asymmetries have been reported between the hemispheres (e.g., Geschwind and Levitsky, 1968 ; see also Witelson and Kigar, 1988 , for a review), these results may be more accurately explained by differences in the folding of the cortex and methodological considerations (Loftus et al., 1993 ; but see Galaburda et al., 1978) . Since size alone does not appear to account for language specialization within the left hemisphere, it is reasonable to ask whether specialization for language function is dependent upon the presence of specialized microcircuitry. Although relatively few studies have pursued this issue, many notable exceptions exist and these concentrate mainly on neuronal structure as assessed by Golgi impregnation (Seldon, 1981a (Seldon, ,b, 1982 .
The present study indicates that cholinergic innervation of auditory and auditory association regions in the human temporal lobes varies as a function of processing level. Additionally, despite the dramatic functional laterality seen in posterior auditory regions, the density of AChE staining varies neither for AChE-positive pyramidal cells or AChE-containing axons. AChE staining does, however, reveal a structural difference between the left and right hemisphere: a preponderance of the largest layer in pyramidal cells are found within regions of the left hemisphere. The meaning of this basic structural difference remains to be explored. Additionally, the general approach of comparing posterior temporal lobes by using neurochemical markers to examining the homologies and differences in particular portions of the cortical circuit may assist in revealing important differences between these functionally diverse regions. The lack of hemispheric asymmetry in the cholinergic subsystem may not be surprising given the widespread neuromodulatory role of acetylcholine throughout the neocortex.
